Objective: To study the associations of fruits, vegetables, antioxidant vitamins and fibre intake with high-sensitivity C-reactive protein (hs-CRP). Existing literature on these associations is scarce and has rendered conflicting results. Methods: Cross-sectional study of 1060 individuals (675 women, 385 men), representative of the non-institutionalized population, aged X18 years, in Porto, Portugal (70% participation rate). Diet over the previous year was assessed with a validated food frequency questionnaire. Associations between diet and hs-CRP (categorized into o1, 1-3, 43 to p10 mg/l) were obtained from ordinal logistic regression models (odds ratio, 95% confidence intervals-OR, 95% CI) adjusted for sociodemographic and behavioural variables. Results: In normal weight men (body mass index (BMI) o25.0 kg/m 2 ), for each 100 g increase in fruit and vegetable intake, there was 30% less probability of changing of hs-CRP category (no risk to moderate risk, or moderate to high risk). Protective associations were also observed between hs-CRP and fruits (OR ¼ 0.73, 95% CI 0.56-0.96 per 100 g/day), vegetables (OR ¼ 0.55, 95% CI 0.35-0.86 per 100 g/day), vitamin C (OR ¼ 0.34, 95% CI 0.14-0.80 per 10 mg/day) and vitamin E (OR ¼ 0.14, 95% CI 0.02-0.88 per 1000 retinol equivalents per day). Overall, associations tended to be weaker in overweight participants. In men (BMI X25.0 kg/m 2 ), fibre was also negatively associated with hs-CRP. In women, no significant associations were found between dietary variables and hs-CRP. A significant modification effect of the evaluated associations was found by sex for fruits and vegetables, vitamin C and fibre, but not by BMI. Conclusion: Intake of fruits and vegetables, vitamin C, E and fibre were negatively associated with hs-CRP in men.
Introduction
Adequate intake of fruits and vegetables has been recommended for the prevention of chronic diseases, particularly cardiovascular disease (Lock and Pomerleau 2005; Lichtenstein et al., 2006) . Antioxidant vitamins and dietary fibre could independently or jointly be responsible for the reduced cardiovascular risk associated with fruits and vegetables (Van Duyn and Pivonka 2000; Maron, 2004) , but knowledge on these specific mechanisms is still insufficient. The ability of fruits and vegetables to reduce lowdensity lipoprotein-cholesterol oxidation is often claimed (Van Duyn and Pivonka 2000; Hu and Willett, 2002a) , but research has also focused on some anti-inflammatory effects. High-sensitivity C-reactive protein (hs-CRP), a stable acute-phase inflammatory reactant, has been proposed as a powerful predictor of cardiovascular disease (Pearson et al., 2003) , which highlights the importance of understanding its relation with fruit and vegetable consumption.
Prudent dietary patterns-rich in plant-based foods-have been associated with reduced levels of inflammatory markers (Lopez-Garcia et al., 2004 , Nettleton et al., 2006 , Panagiotakos et al., 2006 , but evidence is still scarce on the independent association between overall fruit and vegetable intake and inflammation. Most studies on this issue were randomized trials with very specific exposures, such as highpressurized orange juice (Sanchez-Moreno et al., 2003) , carotenoid-rich vegetables and fruits (Watzl et al., 2005) , sweet cherries (Kelley et al., 2006) , berries and apples (Freese et al., 2004) and vegetable soup 'gazpacho' (Sanchez-Moreno et al., 2004) , and provided non-conclusive results, as most of them found decreased inflammatory levels with the intake of these food items, but one failed to show a reduction of CRP after several weeks of intervention (Freese et al., 2004) . All of the observational studies reported an inverse association between fruit and vegetable intake and inflammatory markers (Esmaillzadeh et al., 2006) , mainly in the elderly (Gao et al., 2004 , Wannamethee et al., 2006 , but none have examined the effect of fruits separately from vegetables, in men and women of all ages from the same population.
Fruits and vegetables are major contributors to fibre and antioxidant vitamin intake. Whereas a metabolic effect of fibre on markers of inflammation has been reported (King, 2005) , most previous studies, which evaluated the association of inflammatory markers with vitamins, have assessed vitamin intake using plasma levels (Ford et al., 2003 , van Herpen-Broekmans et al., 2004 and vitamin supplement use (Bruunsgaard et al., 2003 , Sanchez-Moreno et al., 2003 .
Lastly, the modification of these associations by body fat, an important source of pro-inflammatory cytokines, has never been tested. Therefore, this study aims to evaluate the effect of fruits, vegetables, antioxidant vitamins and fibre intake on hs-CRP levels in men and women from the general population, and to examine the modification of these associations by sex and body mass index (BMI).
Methods
Participants Participants were selected, by random digit dialling (Hartge et al., 1984) , within the non-institutionalized population in Porto, a large urban centre in the north-west of Portugal with almost 3 00 000 inhabitants. For each household selected, permanent residents were identified according to sex and age, and one participant, among those aged X18 years, was selected by simple random sampling. The participants' evaluation was performed between 1999 and 2003 (n ¼ 2485). Refusals were not replaced and the participation rate was 70% (Ramos et al., 2004) .
A rapid evaluation of the participant's cognitive function was done using the Mini-Mental State Examination (Folstein et al., 1975) in those aged X65 (participants were excluded if they scored o24 points).
For the purpose of this investigation, we studied 1060 participants: 675 women and 385 men. Individuals unable to participate because of physical or cognitive impairment (n ¼ 55), without information on the food frequency questionnaire (n ¼ 19) and without a measurement of hs-CRP (n ¼ 1277), were excluded from analysis. A total of 74 participants, in whom hs-CRP levels were above 10 mg/l, potentially indicating other clinically relevant inflammatory conditions (Yeh and Willerson 2003) were also excluded.
Data collection
Data was collected by trained interviewers using a structured questionnaire on social, demographic, clinical, behavioural and anthropometric characteristics.
Fruits, vegetables, antioxidant vitamins and fibre intake. Dietary intake over the previous 12 months was estimated with an 82-item semi-quantitative food frequency questionnaire (Lopes, 2000) . Each participant was asked about the mean frequency of consumption (nine categories ranging from 'never or less than once a month' to 'X6 times a day'), the average portion consumed (lower, equal or higher than the mean portion size) and the seasonal variation of consumption. The questionnaire has 16 items related to vegetables and 16 items related to fruits. In this study, the fruit and vegetable definitions only considered fresh fruits and natural fruit juices, and only fresh vegetables and vegetable soups.
The food frequency questionnaire had been previously validated by comparison with four 7-day food records (each one in a different season of the year), among 146 participants of the Porto population (Lopes, 2000) . The Spearman correlation coefficients adjusted for sex, age, education and total energy intake were 0.66 for fibre, 0.56 for vitamin C, 0.45 for vitamin E and 0.49 for carotenoids. The reproducibility of the questionnaire was also tested, applying it to a subsample of 150 individuals, 1 year after the first evaluation. The adjusted Spearman correlation coefficients obtained were 0. 42, 0.48, 0.38 and 0.45, for fibre, vitamin C, vitamin E and carotenoids, respectively. Food consumption was converted into nutrients by the software Food Processor Plus (ESHA Research, Salem, OR, USA), which has been adapted to traditional Portuguese food and dishes.
High-sensitivity C-reactive protein Blood was sampled after a 12-h overnight fast. Serum samples were stored at À20 1C. Levels of hs-CRP were determined by means of particle-enhanced immunonephelometry using an auto-analyser Behring, Nephelometer II, BN II (Dade Behring Marburg GMBH, D-35041 Marburg, Germany).
For analysis, the hs-CRP was categorized into three groups (mg/l): o1.00; 1.00-3.00; 43.00 to p10, corresponding, respectively, to low, moderate and high risk of Fruits, vegetables and C- (Pearson et al., 2003) .
Sociodemographic, behavioural and anthropometric characteristics. We obtained information on age and education, recorded as completed years of aging and schooling.
Smoking was also recorded and participants classified into current smokers (daily and occasional smokers) and nonsmokers (never and former smokers, at least 6 months ago). Physical exercise referred to the regular practice (at least 30 min per week) of any leisure-time physical activity with energy expenditure higher than 2.5 metabolic equivalents, including walking, running and any sports activities, during the previous year. Anthropometrics were performed by trained observers, according to standard procedures with participants in light clothing and barefoot. BMI was calculated as the weight (kg) divided by the squared height (m). Normal weight and overweight were defined, respectively, by a BMI o25.0 and X25.0 kg/m 2 (Expert Panel on the Identification Evaluation Treatment of Overweight in Adults, 1998).
Ethics
The local ethics committee approved the study protocol. All participants gave a written informed consent to participation, and the study was carried out in accordance with the Helsinki Declaration II.
Statistical analysis
Proportions were compared using the w 2 -test, and the MannWhitney test was computed to compare medians between two independent samples.
The associations between dietary intake (independent variables, treated as continuous) and hs-CRP (dependent variable into three categories: o1.00; 1.00-3.00; 43.00 to p10 mg/l) were tested by ordinal logistic regression. Odds ratio and the respective 95% confidence intervals (OR, 95% CI) indicate the probability of changing hs-CRP category (no risk (o1.00 mg/l) to moderate risk (1.00-3.00 mg/l), or moderate to high risk (43.00 to p10 mg/l)) for each unit increase of the independent variable. Adjustments were made for age, education and total energy intake, as continuous variables, and for current smoking and exercise, as dummy variables.
When assessing the association between dietary variables and hs-CRP, an effect modification by sex and BMI was evaluated in the regression models testing interaction terms between them.
P-values were two-tailed and statistical significance was set at Po0.05. Analyses were performed with STATA version 9.0 (StataCorp. College Station, TX, USA). Table 1 shows the demographic, behavioural and anthropometric characteristics of participants as well as hs-CRP levels by sex. Men were significantly more educated and had significantly lower levels of hs-CRP than women. Women had lower total energy intake and reported a higher intake Fruits, vegetables and C-reactive protein A Oliveira et al of fruits and vegetables than men, but differences were not statistically significant. Men were more likely to be smokers and to do regular exercise. There were no significant differences between sexes regarding the distribution by BMI categories. Table 2 presents the intake of fruits, vegetables, antioxidant vitamins and fibre according to hs-CRP by sex. In men, the higher the intake of fruits, vitamin C and dietary fibre, the lower the hs-CRP levels. In women, the median intake of the food items considered did not significantly change across hs-CRP categories.
Results
The associations between fruits, vegetables, antioxidant vitamins and fibre and hs-CRP are presented in Tables 3  and 4 , for women and men, respectively.
In women, no significant associations were found between the dietary variables and hs-CRP, either in crude analyses or after adjustment for confounders.
In normal weight men, for each increase of 100 g of fruit and vegetable intake, there was 30% less probability of changing of hs-CRP category (no risk to moderate risk, or moderate to high risk) (OR ¼ 0.73, 95% CI: 0.59-0.90). The magnitude of the association decreased when considering the overweight participants (OR ¼ 0.86, 95% CI: 0.75-0.97).
Among normal weight men, protective associations were observed between hs-CRP and fruits (OR ¼ 0.73, 95% CI: 0.56-0.96, for each 100 g/day), vegetables (OR ¼ 0.55, 95% CI: 0.35-0.86, for each 100 g/day), vegetables without soup (OR ¼ 0.39, 95% CI: 0.22-0.72, for each 100 g/day), vitamin C (OR ¼ 0.34, 95% CI: 0.14-0.80 for each 10 mg/day) and vitamin E (OR ¼ 0.14, 95% CI: 0.02-0.88 for each 1000 retinol equivalents per day).
In overweight men, besides the protective effect already described for all fruits and vegetables, the isolated fruit item (OR ¼ 0.80, 95% CI: 0.68-0.95, for each 100 g/day), fibre (OR ¼ 0.53, 95% CI: 0.37-0.76, for each 10 g/day) and vitamin C (OR ¼ 0.63, 95% CI: 0.41-0.97, for each 100 mg/day) were also negatively associated with hs-CRP.
On testing interaction terms in the multivariate models between sex and independent variables, we found significant sex modification effects on hs-CRP levels for all fruit and vegetable items (P ¼ 0.001), fruits (Po0.001), vitamin C (P ¼ 0.006) and fibre (P ¼ 0.006). Further, modification effects by BMI (o25 and X25 kg/m 2 ) were also tested separately by sex, but the results did not achieve statistical significance, despite the slightly higher magnitude of the associations found for non-overweight men.
Discussion
The present study suggests that higher intakes of fruits and vegetables (with the exception of vegetable soup), and higher intakes of vitamins C, E and fibre are associated with lower concentrations of hs-CRP in men, but not in women.
Despite the scientific research supporting a beneficial cardiovascular effect of fruits and vegetables, potentially involved in antioxidant and inflammatory processes (Parikh et al., 2005; Hu and Willett, 2002b) , very little information Fruits, vegetables and C-reactive protein A Oliveira et al exists regarding the effects of fruits and vegetables on inflammation.
Cross-sectional studies on this issue had been carried out, but most of them were among the elderly. Gao et al., 2004 showed that among elderly individuals, a greater frequency of fruit and vegetable intake was associated with lower CRP (not hs-CRP) concentrations. In addition, Esmaillzadeh et al., 2006 showed that higher intakes of fruits and vegetables were associated with a lower risk of the metabolic syndrome, and that may be the result of lower hs-CRP concentrations. In another cross-sectional study in older men free of cardiovascular disease (Wannamethee et al., 2006) , it was found that fruit and dietary vitamin C intakes were negatively associated with mean concentrations of hs-CRP, but vegetables were only associated with tissue plasminogen activator antigen.
On the other hand, the results of clinical trials are not consistent. In a 4-week randomized controlled clinical trial in 63 healthy non-smoking men (Watzl et al., 2005) , the consumption of eight daily servings of carotenoid-rich fruits and vegetables significantly reduced plasma hs-CRP concentrations compared with those who consumed two daily servings. In contrast, Freese et al., 2004 , in a 6-week randomized controlled study of healthy volunteers, found no difference in inflammatory markers, including serumsensitive CRP, between those with a rich-fruit diet and those with an isocaloric diet providing lower quantities of fruit. Another two interventional studies on 12 healthy participants were conducted, showing that drinking two glasses of orange juice (250 mg of vitamin C) (Sanchez-Moreno et al., 2003) and eating vegetable soup 'gazpacho' (containing 80% raw vegetables, 2-10% olive oil and other minor components) (Sanchez-Moreno et al., 2004) decreases inflammatory levels. However, in our study, we did not find an association between vegetable soup and hs-CRP. Portuguese soups typically include other ingredients than vegetables, particu- Abbreviations: RE, retinol equivalents; OR, 95% CI, odds ratio, 95% confidence intervals. a C-reactive protein (mg/l) categories of o1.00; 1.00-3.00; 43.00 to p10 considered in the ordinal logistic regression. Odds ratio indicate the probability of changing hs-CRP category for each unit increase of the dietary variable. b Adjusted for age, education, current smoking, regular exercise and total energy intake. Abbreviations: RE, retinol equivalents; OR, 95%CI, odds ratio, 95% confidence intervals a C-reactive protein (mg/l) categories of o1.00; 1.00-3.00; 43.00 to p10 considered in the ordinal logistic regression. Odds ratio indicate the probability of changing hs-CRP category for each unit increase of the dietary variable. b Adjusted for age, education, current smoking, regular exercise and total energy intake.
larly potatoes and salt, and, therefore, could be diluting the beneficial antioxidant effect of vegetables. In fact, if we compare the magnitude of the estimates between the vegetable item with and without soup, the higher protective effect on hs-CRP excluding the vegetable soup is clear. Antioxidant diets and their effects on inflammation are also still under discussion. Although observational studies show an inverse and independent association between total dietary antioxidant capacity and markers of inflammation (Brighenti et al., 2005) , supplementation studies found inconsistent results, especially when pharmacological rather than dietary amounts are considered (Bruunsgaard et al., 2003, Devaraj and Jialal 2000) . In the present study, only vitamins from dietary sources were considered, as the use of vitamin supplements in our population is limited to short periods of time, and participants were not able to accurately classify the supplement type used. Moreover, there were no significant differences between those using supplements and those not using them regarding both hs-CRP levels and fruit and vegetable consumption, hence we did not take into account the use of vitamin supplements in the final models.
A gender modification effect was observed for several of the associations studied, which might be explained in several ways. Higher levels of hs-CRP have been systematically reported among women (Festa et al., 2001 , McConnell et al., 2002 , which is corroborated by our study (Table 1 of participants' profile). Women also have slightly higher intakes of fruits and vegetables than men. Together, these arguments would hypothetically suggest stronger associations among women. However, women also have a higher accumulation of fat, an important source of pro-inflammatory cytokines, which could also be responsible for the increased circulating levels of hs-CRP. Although we did not find significant differences between sex according to strata of BMI, in absolute amounts, women have significantly higher BMI than men (median 27.4 vs 26.6 kg/m 2 , Po0.001). Therefore, we could hypothesize that in women the adipose tissue is the most important source of inflammation, and that the effect of nutrients and foods are not enough to be detected. The impact of sex hormones on circulating levels of inflammatory proteins (Barinas-Mitchell et al., 2001 , Rexrode et al., 2003 could also be confounding the overall effect of diet on these levels.
Although we did not find a BMI modification effect, the same explanation could be used to explain the higher magnitude of the associations between dietary variables and hs-CRP within non-overweight participants. Increasingly, evidence has consistently related obesity with a state of low-grade chronic inflammation (Chudek and Wiecek 2006; Ferrante, 2007) , hence it is possible that, in individuals with a high accumulation of fat, the latter is the most important source of inflammation, and therefore the dietary effect on hs-CRP levels is overcomed.
Finally, an association between fibre intake and hs-CRP was also found among men in our study. Cross-sectional analysis with diabetics from the Health Professionals' FollowUp Study (Qi et al., 2005) and Nurses' Health Study (Qi et al., 2006) pointed out that diets low in glycemic load and high in fibre may increase plasma adiponectin concentrations and, therefore, reduce inflammatory marker concentrations. An interventional study showed an inverse association between the quantity of fibre of a high-carbohydrate meal and inflammation, through the inhibition of IL-18 and stimulation of adiponectin (Esposito et al., 2003) . In our study, after adjustment for potential confounders, this inverse association was only significant among overweight participants, unlike our previous findings concerning the other nutrients. The strict relation between carbohydrates and insulin metabolism could help to explain this difference. Overweight participants are more likely to have higher concentrations of insulin and counterregulatory hormones, which are directly associated with hepatic production of CRP (O'Riordain et al., 1995) . In addition, the high accumulation of fat could be responsible for higher circulating levels of hs-CRP, but in this case, the effect of fat does not overcome the effect of fibre, probably because fibre, among several other nutrients, has the strongest association with hs-CRP among overweight men (regression coefficients standardized for comparison between nutrients).
Strengths and limitations
The inverse association of fruit and vegetable consumption with hs-CRP might be attributed, in part, to healthier lifestyles, frequently associated with higher intakes of these foods. Furthermore, part of the beneficial effects of fruits and vegetables could be because of their low content of energy and saturated fat. Yet, because the results from crude analyses and from models with adjustment for energy intake and major lifestyles are fairly similar, residual confounding is likely to be small.
The assessment of hs-CRP was not planned at the beginning of the participants' evaluation. Thus, although hs-CRP measurements were performed consecutively, they are only available for a subset of participants. Comparing those with and without hs-CRP measurements, no significant differences were found regarding sex distribution, and consumption of fruits and vegetables, vitamins and fibre. However, participants without hs-CRP assessment were slightly younger (median age 52 vs 53 years, P ¼ 0.039), more educated (median 9 vs 6 years, Po0.001) and presented lower median values of BMI (25.8 vs 27.0 kg/m 2 , Po0.001). Given the fact that CRP increases with age and BMI, and decreases with education, higher inflammatory levels were probably observed in our sample. However, it is probable that the study associations are valid, because the hs-CRP overestimation is believed to be non-differential with respect to dietary exposures.
In the present study, only one sample per participant was collected for hs-CRP assessment. However, we are only interested in subclinical inflammation, hence the problem of variability, within participant, from acute infection or other short-term insult is likely to be minimal.
In conclusion, the consumption of fruits and vegetables (with exception of vegetable soup), and vitamins C, E and fibre were negatively associated with hs-CRP levels in men. These associations tended to be weaker in overweight individuals. Therefore, the beneficial health effects of fruits and vegetables could be partly mediated through an inflammatory pathway.
